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1 Executive summary and conclusion 

In order to minimize the risk of spreading invasive species, the International Maritime 

Organization (IMO) has set out a mandatory framework for treatment of ballast water.  

For ballast water management systems (BWMS) using an active substance, Whole 

Effluent Toxicity (WET) tests have to be conducted to assess the effects of treated ballast 

water on the receiving ecosystems (Resolution MEPC.169 (57) (G9) /1/). The basic 

treatment principles of RayClean are mechanical filtration and ultra violet (UV) radiation 

and, thus, the BWMS is not using an active substance that would imply an evaluation 

according to Resolution MEPC.169 (57) (G9) /1/. Nevertheless, DESMI Ocean Guard 

requested WET tests conducted according to G9 /1/. 

DHI conducted biological efficacy performance evaluation of RayClean from March, 2013 

to May, 2014 at the land-based test facility in Hundested, Denmark. Treated discharge 

water and control discharge water samples were collected from pilot test cycle B-1, 

conducted with brackish water during 21-26 March 2013, and test cycle B-6 which was 

conducted with brackish water during 15-20 May 2014 /6/. The use of the samples 

collected from the pilot test cycle for the WET tests was accepted by DNV GL. 

The residual effects of RayClean-treated discharge water were analysed in WET tests 

with aquatic species representing three trophic levels. One primary producer (alga), one 

consumer (crustacean) and one predator (fish) were used for the tests. For each toxicity 

test, dilution series were prepared by mixing treated discharge water with control 

discharge water. Each test included two control series, one with control discharge water 

and one laboratory control prepared from natural seawater. 

A summary of the obtained results is presented in Table 1.1. 

Table 1.1 Chronic aquatic toxicity of treated discharge water 

Test organism Salinity 
Standard/ 

guideline 

NOEC 

(%) 

LOEC 

(%) 

L(E)C25  

(%) 

TUc 

(100/ L(E)C25) 

Alga (Skeletonema 

costatum) 
Brackish 

ISO 10253 

/3/  
≥ 91 91 > 91 < 0.9 

Crustacean 

(Acartia tonsa)  
Brackish 

ISO/FDIS 

16778 /4/ 
< 25 25 > 100 < 1 

Fish (Cyprinodon 

variegatus) 
Brackish 

OECD 212 

/5/ 
≥ 100 100 > 100 < 1 

 

The chronic test results are expressed by Toxic Units (TUc, Chronic Toxicity Unit), where 

TUc = 100/EC25. According to the EPA National Pollutant Discharge Elimination System 

for issuing of a Vessel General Permit /6/, a chronic toxicity of discharge or effluents from 

a vessel, which exceeds a value for TUc of 1.6, is considered toxic.The WET tests with 

algae and fish showed no toxic effects of the treated discharge water in the highest tested 

concentrations (91% and 100%, respectively). The WET test with crustaceans showed an 

effect on the larval development ratio as indicated by the NOEC and LOEC in Table 1.1. 

However, the TUc value, which was calculated for this test, was below 1.  

The results of the WET tests confirmed that ballast water treated with RayClean under 

standard operating conditions as instructed by the manufacturer is not expected to cause 

chronic toxic effects to the aquatic environment.  
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2 Introduction 

DHI conducted biological efficacy performance evaluation of RayClean from March, 2013 

to May, 2014 at the land-based test facility in Hundested, Denmark.  

For ballast water management systems (BWMS) using an active substance, WET tests 

have to be conducted to assess the effects of treated ballast water on the receiving 

ecosystems (Resolution MEPC.169 (57) (G9) /1/). The basic treatment principles of 

RayClean are mechanical filtration and ultra violet (UV) radiation and, thus, the BWMS is 

not using an active substance that would imply an evaluation according to Resolution 

MEPC.169 (57) (G9) /1/. Nevertheless, DESMI Ocean Guard requested WET tests 

conducted according to G9 /1/. 

The purpose of the WET tests was to investigate possible toxic effects of BWMS treated 

discharge water according to the G9 requirements (Resolution MEPC.169 (57)) /1/. The 

potential residual toxic effects of RayClean-treated discharge water were analysed in 

WET tests with aquatic species representing three trophic levels. One marine primary 

producer (alga), one consumer (crustacean) and one predator (fish) were used for the 

tests. 

All toxicity tests were performed by DHI Environmental Laboratory. DHI’s Environmental 

Laboratory holds an accreditation according to ISO 17025 which includes biological 

analyses related to performance evaluation of BWMS and ecotoxicological studies. 
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3 Materials and methods 

3.1 Sampling of water and preparation of test concentrations 

Treated discharge water and control discharge water samples were collected from pilot 

test cycle B-1, conducted with brackish water during 21-26 March 2013, and test cycle B-

6 which was conducted with brackish water during 15-20 May 2014 /6/. The use of the 

samples collected from the pilot test cycle for the WET tests was accepted by DNV GL. 

The samples were collected by personnel from DHI at the DHI test facility in Hundested, 

Denmark. Details of the sampling are summarized in Table 3.1. 

Table 3.1 Parameters measured on discharge water for the pilot test cycle B-1 and the test 
cycle B-6 used for WET study 

Test cycle Inlet Discharge 

Pilot test B-1 2013.03.21 2013.03.26 

B-6* 2014.05.15 2014.05.20 

* The validity criteria for the crustacean larval development ratio test with discharge water 

from pilot test cycle B-1 were not fulfilled and it was thus decided to repeat the test with 

control and treated discharge water from test cycle B-6. 

The treated discharge water and control discharge water samples were filtered using a 

GF/C filter and, subsequently, divided into subsamples for the WET tests. The samples 

were stored at DHI at -20°C until initiation of the tests. A DHI lab. No. was assigned to 

each sample (Table 3.2) and used to identify the samples during testing, data analysis 

and reporting.  

Table 3.2 Samples collected for whole effluent toxicity tests 

Treatment Water type Test cycle 
Sampling 

date 

Salinity  

(PSU*) 
DHI lab. No. 

RayClean 
BMWS 

Brackish Pilot test B-1 2013.03.26 19 13-0976 

Control  
(no treatment) 

Brackish Pilot test B-1 2013.03.26 19 13-0977 

RayClean 
BMWS 

Brackish B-6 2014.05.20 18 14-1016 

Control  
(no treatment) 

Brackish B-6 2014.05.20 18 14-1015 

* Practical salinity unit 

For each toxicity test, dilution series were made by mixing treated discharge water with 

control discharge water. Control discharge water was used as control and dilution water 

because the purpose was to examine if the discharge water was toxic to aquatic 

organisms after treatment in the BWMS. The actual treatment is the only difference 

between the control and the treated discharge water. When possible, the WET tests were 

conducted with undiluted treated discharge water as the highest test concentration. 

However, for the algal test (ISO 10253 /1/), addition of nutrients is necessary and, thus, 

undiluted samples cannot be used for the testing of the toxicity. Therefore, the highest 

tested concentration in the algal test was 91%.  

Each test included two control series, one with control discharge water and one 

laboratory control prepared from natural seawater without addition of any discharge 

water. The seawater used for the laboratory control was collected in the North Sea by the 
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Danish Institute for Fisheries Research and brought to DHI by tank lorry. The seawater 

(salinities of 29 practical salinity units (PSU) for the tests with algae and fish test and 32 

PSU for the test with crustaceans) was filtered through Millipore filters (10; 5.0; 0.5 and 

0.22 µm) before use. This seawater was diluted to attain a salinity of 18-20 PSU in the 

WET tests. 

The concentrations used for the WET tests are given in Table 3.3. 

Table 3.3 Chronic toxicity tests performed with treated discharge water samples 

Trophic 

level 
Species Test 

Standard/ 

guideline 

Test 

duration 

Test conc.  

(% treated 

discharge 

water) 

Alga* 
Skeletonema 
costatum  

Growth inhibition test ISO 10253 /1/ 72 h 0; 25; 50 and 91 

Crustacean** Acartia tonsa 
Larval development 
ratio test 

ISO/FDIS 
16778 /4/ 

5 d 
0; 25; 50 and 

100 

Fish* 

Cyprinodon 
variegatus 
(sheepshead 
minnow) 

Fish, short-term toxicity 
test on embryo and 
sac-fry stages 

OECD 212 /5/ 12 d 
0; 25; 50 and 

100 

* Test performed with control and treated discharge water from pilot test cycle B-1 

** Test performed with control and treated discharge water from test cycle B-6 

3.2 Aquatic toxicity tests 

3.2.1 Study on the growth inhibition of the algae Skeletonema costatum 

The toxicity of the treated discharge water and the control discharge water samples from 

pilot test cycle B-1 was determined as the growth inhibition of the marine alga 

Skeletonema costatum (clone: NIVA-BAC 1) according to the ISO International Standard 

10253 “Water Quality - Marine algal growth inhibition test with Skeletonema costatum and 

Phaeodactylum tricornutum” /1/. The algae used in the test were cultured at a salinity of 

20 PSU. 

The test mixtures were prepared as serial dilutions of the treated discharge water with the 

control discharge water. No pH adjustment was necessary as the pH was within the 

required range. Nutrients, salts and algae were added to each of the test mixtures (i.e. 

each concentration of samples) according to ISO 10253 /1/. The solutions of nutrients 

and salts and added algae accounted for 90% of the test mixtures. The concentrations of 

the treated discharge water applied in the test were: 0 (laboratory control); 0 (control 

discharge water); 25; 50 and 91%.  

The tests were performed in 250-mL glass flasks with wide neck, each containing 100 mL 

of test mixture. The test design included triplicate test flasks of each concentration of 

treated discharge water and algae, six test flasks containing control discharge water and 

algae, six laboratory controls containing seawater and algae and one blank control of 

each concentration (similar to dilution series of the treated discharge water, but without 

algae). The test mixtures were incubated for approx. 72 hours under continuous shaking 

and constant illumination from a panel of fluorescent light. 

The test conditions are summarized in Table 3.4. 

The density of the algae in the laboratory control was measured at test start by use of a 

Beckman Coulter Multisizer
TM 

3 Coulter Counter
®
. At the beginning of the test and after 
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24, 48 and 72 ± 2 hours of incubation, the algal growth was measured as in-vivo 

fluorescence in triplicate test flasks, the blanks and the six controls by use of a Turner 

TD-700 Laboratory Fluorometer. The identity and normal appearance of Skeletonema 

costatum in the laboratory control was confirmed by microscopy at the end of the test. 

A test with the reference substance 3,5-dichlorophenol (3,5-DCP) was performed in order 

to verify the sensitivity of the algae. 

Table 3.4 Test conditions for the growth inhibition test performed with Skeletonema costatum 

Test guideline ISO 10253 /1/ 

Test organism Skeletonema costatum 

Test organism source Niva, Norway, cultured at DHI (clone: NIVA, BAC 1) 

Test organism life 

stage 
Log phase growth for approx. 3 days 

Test duration 72 ± 2 hours 

Test vessel 250-mL conical flask with air permeable lid 

Initial target 

concentration 
350 - 1,000 part/mL ~ 0.7 - 2.0 x 10

3
 cell/mL 

Replicates 

6 × laboratory control 

6 × control discharge water 

3 × test concentration (treated discharge water) 

1 x test group blank 

Method 
Determine reduction of specific growth rate by fluorescence 

measurements 

End point Growth rate 

Laboratory control 

medium 

Seawater (salinity 29) filtered through Millipore filters (10; 5.0; 0.5 

and 0.22 µm), adjusted to as salinity of 20 with MQ water and 

heated to 73 °C where after nutrients were added. 

Nutrient media According to ISO 10253 /1/ 

Photoperiod Constant fluorescent light  

Light intensity Constant fluorescent light (60-120 µmol  m
-2

  sec
-1

)  

Shaking 120 rpm 

Temperature 19 °C ± 1 °C  

Initial pH 8.0 ± 0.2 

Salinity 20 PSU 

Validity criteria 

72 hours specific growth ratio in controls ≥ 0.9 d
-1

 

72 hours pH increase in controls < 1.0 

Control variation coefficient ≤ 7%  

Reference test Verification of organism sensitivity with 3,5-DCP 
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3.2.2 Calanoid copepod development test with Acartia tonsa 

The treated discharge water samples from test cycle B-6 were tested for chronic toxic 

effects on Acartia tonsa according to the ISO/FDIS 16778 “Water quality - Calanoid 

copepod development test with Acartia tonsa” /4/.  

The test mixtures were prepared as serial dilutions of the treated samples with the control 

discharge water. No pH adjustment was necessary as the pH was within the required 

range. The concentrations of the treated discharge water applied in the test were: 0 

(laboratory control); 0 (control discharge water); 25, 50 and 100%. 

A strain of Acartia tonsa (DANA), Copepoda, Crustacea, collected in the North Sea by the 

Danish Institute for Fisheries Research has been cultured at DHI since 1987. The test 

was initiated with eggs collected from this culture. The eggs used for the test were 

cultured at a salinity of 18 PSU. 

The test was performed in 250-mL glass beakers. At the initiation of the test, 40 mL of 

test mixture and between 60 and 90 eggs (and the less possible newly hatched nauplii) 

were added to each beaker. Rhodomonas salina algae at 50,000 cells/mL were added as 

feed. On day 3, 40 mL of freshly prepared test mixture and Rhodomonas salina to a final 

concentration of approx. 50,000 cells/mL were added. On day 5, the test mixtures were 

filtered through 10-µm filters after fixation with a Lugol’s solution. The filters were 

transferred to Petri dishes with marked graduations and the numbers of nauplii, 

copepodites and non-hatched eggs were counted. 

The larval development test was performed with 10 replicates for each test concentration 

and 12 control replicates (control discharge water) and 6 laboratory control replicates. 

The test conditions are summarized in Table 3.5. 

The pH, salinity and dissolved oxygen were measured at the test start, before and after 

renewal on day 3 and at the end of the test. 

The effect parameter determined and used for evaluation of possible toxic effects is the 

larval development ratio. Furthermore, hatching rate and mortality rate were determined 

after exposure. 

The larval development ratio was calculated from the number of surviving larvae (the ratio 

of copepodites to the sum of nauplii and copepodites) and, thus, the LDR expresses the 

progress of larval development:  

𝐿𝐷𝑅 = (∑
𝐶𝑜𝑝𝑒𝑝𝑜𝑑𝑖𝑡𝑒𝑠𝑡𝑒,𝑟

𝑁𝑎𝑢𝑝𝑙𝑖𝑖𝑡𝑒,𝑟 + 𝐶𝑜𝑝𝑒𝑝𝑜𝑑𝑖𝑡𝑒𝑠𝑡𝑒,𝑟𝑅
) ×

1

𝑅
 

Where: 

- R: number of replicates used for each test group. 

- Nauplii t e, r: number of nauplii in each replicate at the end point (te), in each 

replicate (r). 

- Copepodites t e, r: number of copepodites at the end point (te), in each replicate 

(r). 
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Table 3.5 Test conditions for the larval development test with Acartia tonsa 

Test guideline 
ISO/FDIS 16778 “Water quality - Calanoid copepod early-life 

stage test with Acartia tonsa /4/ 

Test organism source 
DHI (collected in the North Sea by the Danish Institute for 

Fisheries Research, cultured at DHI since 1987) 

Test organism life stage 
Eggs collected from the A. tonsa culture maintained at DHI 

laboratory 

Test duration Up to 6 days 

Test vessel 250-mL beaker  

Replicates 

12 × control discharge water 

10 × test concentration (treated discharge water) 

6  × laboratory control 

Test organisms/ 

test vessel 
60 – 90 

End points 

Early Life Stage Mortality in the control (ELS) 

Hatching Success (HS) 

Larval Development Ratio (LDR) 

Laboratory control medium 
Seawater (salinity 32) filtered through Millipore filters (10; 5.0; 

0.5 and 0.22 µm) and adjusted to a salinity of 18 

Food regime Rhodomonas salina 50,000 cells/mL 

Photoperiod 16:8 h 

Temperature 20 °C ± 1 °C 

pH during testing 8.00 ± 0.3 pH units 

Salinity (PSU) 18 

Validity criteria 

Early Life Stage Mortality in the 

control (ELS) 

< 30% 

Hatching Success in the control (HS) > 75% 

Larval Development Ratio in the 

control (LDR) 

≥ 60% ± 20% 

Dissolved oxygen concentration (DO) > 70% throughout test 

Temperature (T) 20 °C ± 1 °C 

Salinity variation from the control start 

(Si) value 

± 2‰   
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3.2.3 Fish, short-term toxicity test on embryo and sac-fry stages with 
Cyprinodon variegatus 

The treated discharge water sample from pilot test cycle B-1 was tested for the chronic 

toxic effects on embryo and sac-fry stages of Cyprinodon variegatus (sheepshead 

minnow) by exposure of the life stages from the fertilized egg to the end of the sac-fry 

stage in accordance with the OECD Guideline for the Testing of Chemicals No. 212 /5/. 

The eggs were deposited at a salinity of 18 PSU. 

The test mixtures were prepared as serial dilutions of the treated discharge water with the 

control discharge water. No pH adjustment was necessary as the pH was within the 

required range. The concentrations of treated discharge water applied in the test were: 0 

(laboratory control); 0 (control discharge water); 25; 50 and 100%. 

The test was started with fertilized eggs in the test chambers and was terminated just 

before the yolk-sac of any larvae in any of the test chambers was completely absorbed or 

before mortality by starvation started in laboratory controls. The test was carried out as a 

semi-static test in 175-mL glass beakers with 150 mL of test mixture. Thirty eggs, equally 

distributed between three replicates, were exposed at each concentration of treated 

discharge water, control discharge water and in the parallel laboratory control. 

The test conditions are summarized in Table 3.6. 

Test mixtures were renewed on day 4 and subsequently three times a week by preparing 

fresh test mixtures in clean vessels, after which surviving eggs and larvae were gently 

transferred to the new vessels in a small volume of old solution, avoiding exposure to air. 

The salinity, pH, water temperature and dissolved oxygen were measured at the test 

start, before and after each water renewal and at the end of the test. The room 

temperature was measured continuously by a thermologger. 

No feed was provided in the embryo and sac-fry test as the test was terminated while the 

fry were still nourished from the yolk sac. 
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Table 3.6 Summary of test conditions for the chronic toxicity test with Cyprinodon variegatus 

Test guideline 
OECD 212 “Fish, Short-term Toxicity Test on Embryo and Sac-fry 

Stages”/5/ 

Test organism Cyprinodon variegatus (Sheepshead minnow) 

Test organism source Aquatic Research Organisms, Inc. (ARO), USA 

Test organism life stage Eggs (deposited 3 days before test start at  approx.. 20 PSU) 

Test duration 12 days 

Test vessel 175-mL glass beakers (150 mL test solution) 

Replicates 3 

Test eggs/test vessel 10 

Test eggs/concentration 30 

End points Hatching, mortality, malformation and visible abnormalities, length 

Laboratory control  

medium 

Seawater (salinity 29) filtered through Millipore filters (10; 5.0; 0.5 

and 0.22 µm) and adjusted to a salinity of 19 with zebra fish test 

medium  

Food regime No food during testing 

Photoperiod 12:12 h 

Temperature 24.0 °C ± 1.5 °C  

pH during testing 8.0 ± 0.5 pH units 

Salinity (PSU) 18 

Validity criteria 

Survival of hatched larvae in the control (S)  > 80% 

Hatching Success in the control (HS) > 75% 

Dissolved oxygen concentration (DO) > 60 

Water temperature differing between test 

chambers or between successive days (T) 
24 °C ± 1.5 °C 

4 Calculations 

In the alga test the LOEC/NOEC values were determined by use of Dunnett’s procedure 

/7/. The EC values were calculated by use of the computer program TOXEDO /8/. The 

NOEC values in the fish and crustacean test was determined by use of a student’s t-test 

(p<0.05) as the highest tested concentration, at which no significant effect was observed 

compared with the control and the LOEC is the concentration just above the NOEC. The 

pragmatic approach of calculation of residual toxicity of discharged ballast water 

suggested by US EPA /6/ was applied. The chronic test results are expressed by Toxic 

Units (TUc, Chronic Toxicity Unit), where TUc = 100/EC25.  
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5 Results 

5.1 Overview 

The results obtained in the WET tests were used to derive the no observed effect 

concentration (NOEC), lowest observed effect concentration (LOEC) and the effect 

concentrations (EC) or lethal concentrations (LC) causing 25% effect in comparison with 

the control (i.e. EC25 or LC25). A TUc value was then estimated by use of the EC25 or 

LC25 (see Section 4). A summary of the results of the toxicity tests with treated discharge 

water is presented in Table 5.1. 

Table 5.1 Chronic aquatic toxicity of treated discharge water 

Test organism 
Standard/ 

guideline 

NOEC 

(%) 

LOEC 

(%) 

L(E)C25  

(%) 

TUc 

(100/ 

L(E)C25) 

Alga 

(Skeletonema costatum) 
ISO 10253 /1/ ≥ 91 91 > 91 < 1.1 

Crustacean 

(Acartia tonsa) 
ISO/FDIS 16778 /4/ < 25 25 > 100 < 1 

Fish 

(Cyprinodon variegatus) 
OECD 212 /5/ ≥ 100 100 > 100 < 1 

5.2 Algal growth inhibition test with Skeletonema costatum 

The primary data from the growth inhibition test with the alga Skeletonema costatum are 

presented in Appendix A and the results are summarized in Table 5.2. 

No toxicity was observed for the treated discharge water as the NOEC was ≥ 91 % (the 

highest tested concentration).  

As presented in Table 5.2, all validity criteria were fulfilled. The reference test with 3,5-

DCP resulted in an EC50 of 1.70 (1.63-1.79) mg/L, which is within the expected range set 

in the ISO standard /1/ (1.6 (1.0-2.2) mg/L). This indicates good test procedures and 

normal sensitivity of test organisms (Appendix A.2.2). 

Table 5.2 Results of the Skeletonema costatum growth inhibition test with treated discharge 
water 

Test water 
NOEC 

(%) 

LOEC 

(%) 

EC25 

(%) 

TUc 

(100/ 

EC25) 

Validity criteria 

Control 

pH increase 

during test 

Control 

specific 

growth rate 

Control 

variation 

coefficient 

Treated 

discharge 

water 

≥ 91 91 > 91 < 1.1 

< 1.0  

(observed: 

0.7) 

> 0.9 per day 

(observed: 

2.06 per day) 

≤ 7%  

(observed: 

2.8%) 
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5.3 Calanoid copepod development test with the crustacean Acartia 
tonsa 

The primary data from the chronic toxicity test with the crustacean Acartia tonsa are 

presented in Appendix B and the results are summarized in Table 5.6. 

Significant differences were observed on the larval development ratio (LDR) for all 

dilutions of the treated discharge compared with the control discharge water group 

(Appendix B.2 and Table 5.3).  

The LDR was lower in the undiluted treated discharge water (concentration: 100%), but 

also at the highest dilution (concentration: 25%). The observed LDR of the treated 

discharge water (68.4%) was lower than the LDR observed with the control discharge 

water (75.5%). The LOEC for larval development was, therefore, equivalent to the lowest 

tested concentration of 25%, whereas the NOEC was estimated to be below 25%. 

The data did not allow statistical calculation to establish a dose-response curve within 

95% confidence limits, and the EC2525 value could not be calculated (Appendix B.7.1). 

Table 5.3 Effects on the larval development ratio after exposure to treated discharge water 

Test water 
Concentration  

(%) 

Larval 

development ratio 

mean 

Standard 

deviation 

Control discharge water 0 75.5 6.0 

Treated discharge water 25 68.4* 9.0 

Treated discharge water 50 66.5* 5.4 

Treated discharge water 100 61.3* 6.8 

Laboratory control 0 66.5*
 

5.7 

* The mean for this conc. is significantly less than the control mean at alpha = 0.05 (1-sided) by a t-test with 
Bonferroni adjustment of alpha level. 

Significant differences were observed on the hatching success for the 50% and 100% 

concentrations of the treated discharge water when compared with the control discharge 

water group (Appendix B.3 and Table 5.4). 

The LOEC for hatching was the 50% concentration, whereas the NOEC was estimated to 

be the 25% concentration of treated discharge water. 

The data did not allow statistical calculation to establish a dose-response curve within 

95% confidence limits, and the EC2525 value could not be calculated (Appendix B.7.2). 

Table 5.4 Effects on the hatching success after exposure to treated discharge water 

Test water 
Concentration  

(%) 

Hatching success 

mean 

Standard 

deviation 

Control discharge water 0 93.5 2.9 

Treated discharge water 25 91.0 4.0 

Treated discharge water 50 89.2* 4.5 

Treated discharge water 100 90.8* 3.2 

Laboratory control 0 93.5 0.6 

* The mean for this conc. is significantly less than the control mean at alpha = 0.05 (1-sided) by a t-test with 
Bonferroni adjustment of alpha level. Hatching success is 2.7% lower in the undiluted treated discharge 
group than in the control discharge group. 
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No significant difference was observed on the mortality of the early life stages in the 

undiluted treated discharge water when compared with the control discharge water group 

(Appendix B.7.3 and Table 5.5). Therefore, the LOEC and EC2525 for effects on early life 

stages could not be calculated. The NOEC for effects on early life stages was estimated 

to be above the highest tested concentration. 

Table 5.5 Effects on the ELS mortality after exposure to treated discharge water 

Test water 
Concentration  

(%) 

ELS 

Mortality 

Standard 

deviation 

Control discharge water 0 19.4 8.8 

Treated discharge water 25 21.9 4.6 

Treated discharge water 50 13.4 6.1 

Treated discharge water 100 16.9 2.6 

Laboratory control 0 26.4 13.4 

 

Table 5.6 NOEC, LOEC, EC2525 and TUc values obtained in the Acartia tonsa chronic toxicity 
test with treated discharge water for the different endpoints 

End points Test water 
NOEC  

(%) 

LOEC  

(%) 

EC25  

(%) 

TUc 

(100/EC25) 

Larval development 

ratio 

Treated 

discharge 
< 25 25 > 100 ≤ 1 

Hatching success 
Treated 

discharge 
25 50 > 100 ≤ 1 

Early life stage 

mortality 

Treated 

discharge 
≥ 100 100 > 100 ≤ 1 

 

These differences observed between the treated discharge water and the control 

discharge water groups of A. tonsa are unlikely to be due to the exposure to the treated 

discharge water, as there was no significant dose-response relations between the 

examined concentrations tested for both the LDR (Table 5.3) and the hatching success 

(Table 5.4) endpoints. 

Furthermore, the LDR in the laboratory control group, which was exposed to natural 

seawater, was in the same range as the LDR in the treated water discharge groups.  

The average inhibition of the hatching success after exposure to the undiluted treated 

discharge water (concentration: 100%) was 2.7% (see note below Table 5.4). This low 

inhibition without a significant dose-response is not considered as an effect of the treated 

discharge water. 

All validity criteria given in Table 3.5 for the test were fulfilled (see the table in Appendix 

B.6). 
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5.4 Fish, short-term toxicity test on embryo and sac-fry stages with 
Cyprinodon variegatus 

The primary data from the chronic toxicity test with the fish Cyprinodon variegatus are 

presented in Appendix C and the results are summarized in Table 5.7. 

Significant differences were observed in the size of the fish larvae (growth end point) after 

exposure to the 25% and 50% concentrations the treated discharge water when 

compared with the control discharge water group (Appendix C.4.4). However, no 

difference was observed in the size of the larvae after exposure to the undiluted treated 

discharge water (concentration: 100%) when compared with the control discharge water 

group. The LOEC and NOEC were, therefore, estimated to be above the highest tested 

concentration of 100% treated discharge water. 

The data did not allow statistical calculation to establish a dose-response curve within 

95% confidence limits, and the EC2525 value could not be calculated. 

No significant differences between exposures to treated discharge water and control 

discharge water were observed for any of the evaluated endpoints (embryonic mortality, 

larval mortality and overall mortality), and, hence, the NOECs were determined to be ≥ 

100%. 

The validity criteria given in Table 3.6 were fulfilled (see Appendix C.3). 

Table 5.7 NOEC and LOEC values and EC25 and TUc values obtained in the Cyprinodon 
variegatus chronic toxicity test with treated discharge water for the different endpoints  

End points Test water 
NOEC 

(%) 

LOEC 

(%) 

EC25 

(%) 

TUc 

(100/EC25) 

Embryonic mortality 
Treated 

discharge 
≥ 100 100 > 100 ≤ 1 

Larval mortality 
Treated 

discharge 
≥ 100 100 > 100 ≤ 1 

Overall mortality 
Treated 

discharge 
≥ 100 100 > 100 ≤ 1 

Growth 
Treated 

discharge 
≥ 100 100 > 100 ≤ 1 
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A Primary data on growth inhibition tests with the marine alga 
Skeletonema costatum 

A.1 Primary data on fluorescence  

 

 

 

  

Raw data generated in the algal growth inhibition test with Treated discharge 

      

Replicate 

Test Fluorescence measurements 

concentration corrected for blank values 

  % Start 26.5 h 49 h 72 h 

Control discharge A 0 2.7 20.6 171 1333 

Control discharge B 0 2.7 18.6 135 1009 

Control discharge C 0 2.7 20.8 193 1306 

Control discharge D 0 2.7 22 211 1459 

Control discharge E 0 2.7 18.9 156 1270 

Control discharge F 0 2.7 17.8 132 1018 

Average 0 2.7 19.8 166 1232 

A 25 2.7 14.7 132 895 

B 25 2.7 19.6 171 1233 

C 25 2.7 22.2 208 1458 

Average 25 2.7 18.8 171 1195 

A 50 2.7 15.9 175 1117 

B 50 2.7 11.3 131 917 

C 50 2.7 15.7 146 1072 

Average 50 2.7 14.3 151 1035 

A 91 2.7 18.8 185 1178 

B 91 2.7 20.3 193 1385 

C 91 2.7 16.3 137 1007 

Average 91 2.7 18.5 172 1190 
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Measurements of pH and salinity 

Date 2013.07.23 2013.07.26 

            Concentration (%) 

Day 0 Day 3  

pH 
Sal. 

(PSU) 
pH 

Control discharge water 8.2 18.3 9.0 

Treated discharge water 25% 8.2 18.5 8.7 

Treated discharge water 50% 8.2 18.8 8.8 

Treated discharge water 91% 8.2 18.8 8.9 

Laboratory control 8.1 20.4 8.8 
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A.2 Statistics 

A.2.1 Inhibition of the growth of Skeletonema costatum with treated 
discharge water 

Statistical parameters calculated from continuous responses based on continuous mean 

Test type: Growth inhibition test. 

Control values 

Control discharge Growth per hour Inhibition in per cent 

Control 1 0.087 - 

Control 2 0.083 - 

Control 3 0.087 - 

Control 4 0.089 - 

Control 5 0.086 - 

Control 6 0.083 - 

Control mean 0.086 0 

Experimental data 

Treated discharge  concentration in % Growth per hour Inhibition in per cent 

25 0.082 4 

25 0.086 0 

25 0.088 0 

50 0.086 0 

50 0.083 3 

50 0.084 2 

91 0.086 0 

91 0.088 0 

910 0.083 3 

Dunnett’s procedure: 

NOEC:  ≥ 91% 
LOEC:  91% 

Results 

Data did not allow statistical calculation of the EC values 

EC10:  > 91% 
EC25: > 91% 
EC50:  > 91% 
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                    Figure A.1   Fluorescence against time (0-72 hours) with “Treated discharge water” with    
                                       Skeletonema costatum 
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A.2.2 Inhibition of the growth of Skeletonema costatum with 3.5-
dichlorophenol 

Statistical parameters calculated from continuous responses based on continuous mean 

Test type: Growth inhibition test 

Control values 

Concentration 
in mg/L 

Growth 
per hour 

Inhibition 
in per cent 

Control 1 0.091 - 

Control 2 0.090 - 

Control 3 0.089 - 

Control 4 0.087 - 

Control 5 0.092 - 

Control 6 0.089 - 

Control mean 0.090 0 

Experimental data 

Concentration 
in mg/L 

Growth 
per hour 

Inhibition 
in per cent 

0.4 0.089 1 

0.4 0.091 0 

0.7 0.091 0 

0.7 0.085 5 

1.0 0.079 12 

1.0 0.083 7 

1.4 0.059 34 

1.4 0.065 28 

2.0 0.030 67 

2.0 0.032 64 

2.8 0.001 99 

2.8 0.001 99 

Dunnett’s procedure: 

NOEC:  0.7 mg/L 
LOEC:  1.0 mg/L 

EC values and limits of the 95% confidence interval (LCL and UCL) 

y(EC) LCL EC(yo) UCL 

10 0.89 0.99 1.07 

50 1.63 1.70 1.79 

90 2.66 >2.80 
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Figure A.2     Fluorescence against time (0-72 hours) 3.5-dichlorophenol with Skeletonema costatum 
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APPENDIX B 

Primary data on larval development ratio tests with the crustacean 
Acartia tonsa 
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B Primary data on larval development ratio tests with the 
crustacean Acartia tonsa 

B.1 Larval development and growth test (F0 generation) 

Concentration 

Start End of exposure 

Eggs added  

(+ nauplii 

added) 

eggs + 

nauplii 

added 

Eggs 
Nauplii 

N 

Cope-

podites 

C 

LDR C/ 

(N+C) 

Hatching 

success 

ELS 

mortality 

ELS 

survival 

Eggs N Number                  Number % 

Control discharge 

water 

A 74 6 80 3 15 44 74.6 95.9 23.4 76.6 

B 80 1 81 1 20 44 68.8 98.8 20.0 80.0 

C 87 2 89 4 12 55 82.1 95.4 21.2 78.8 

D 61 2 63 6 12 37 75.5 90.2 14.0 86.0 

E 64 1 65 6 12 44 78.6 90.6 5.1 94.9 

F           

G 88 1 89 4 18 40 69.0 95.5 31.8 68.2 

H 76 3 79 5 20 37 64.9 93.4 23.0 77.0 

I 65 2 67 3 11 31 73.8 95.4 34.4 65.6 

J 74 2 76 5 10 51 83.6 93.2 14.1 85.9 

K 69 3 72 7 11 48 81.4 89.9 9.2 90.8 

L 86 1 87 8 14 51 78.5 90.7 17.7 82.3 

 

Treated 

discharge water 

25% 

A 60 2 62 5 17 30 63.8 91.7 17.5 82.5 

B 84 4 88 9 15 49 76.6 89.3 19.0 81.0 

C 66 0 66 7 13 33 71.7 89.4 22.0 78.0 

D 64 2 66 8 16 30 65.2 87.5 20.7 79.3 

E 69 2 71 0 15 36 70.6 100 28.2 71.8 

F 67 1 68 6 17 26 60.5 91.0 30.6 69.4 

G           

H 69 1 70 6 12 38 76.0 91.3 21.9 78.1 

I 82 2 84 6 30 32 51.6 92.7 20.5 79.5 

J 72 3 75 10 11 43 79.6 86.1 16.9 83.1 

 

Treated 

discharge water 

50% 

A 74 1 75 7 23 41 64.1 90.5 5.9 94.1 

B 81 0 81 17 23 31 57.4 79.0 15.6 84.4 

C 74 0 74 10 16 41 71.9 86.5 10.9 89.1 

D 71 2 73 10 14 43 75.4 85.9 9.5 90.5 

E 74 1 75 4 18 41 69.5 94.6 16.9 83.1 

F 85 2 87 9 25 44 63.8 89.4 11.5 88.5 

G 88 2 90 7 22 55 71.4 92.0 7.2 92.8 

H 65 2 67 4 17 32 65.3 93.8 22.2 77.8 

I 65 1 66 7 17 28 62.2 89.2 23.7 76.3 

J 74 1 75 7 22 39 63.9 90.5 10.3 89.7 

 

Treated 

discharge water 

100% 

A 71 4 75 6 19 40 67.8 91.5 14.5 85.5 

B 84 0 84 6 30 33 52.4 92.9 19.2 80.8 

C 75 0 75 10 22 31 58.5 86.7 18.5 81.5 

D 71 1 72 6 13 41 75.9 91.6 18.2 81.8 

E 77 2 79 3 25 38 60.3 96.1 17.1 82.9 

F 76 0 76 6 24 35 59.3 92.1 15.7 84.3 

G 89 0 89 7 28 41 59.4 92.1 15.9 84.1 

H           

I 75 1 76 10 25 33 56.9 86.7 12.1 87.9 
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Concentration 

Start End of exposure 

Eggs added  

(+ nauplii 

added) 

eggs + 

nauplii 

added 

Eggs 
Nauplii 

N 

Cope-

podites 

C 

LDR C/ 

(N+C) 

Hatching 

success 

ELS 

mortality 

ELS 

survival 

Eggs N Number                  Number % 

J 64 2 66 8 18 28 60.9 87.5 20.7 79.3 

Laboratory 

control 

A 82 2 84 6 14 36 72.0 92.7 35.9 64.1 

B 80 4 84 5 27 40 59.7 93.8 15.2 84.8 

C 77 4 81 5 15 41 73.2 93.5 26.3 73.7 

D 71 3 74 5 23 42 64.6 93.0 5.8 94.2 

E 87 2 89 5 17 37 68.5 94.3 35.7 64.3 

F 79 2 81 5 18 28 60.9 93.7 39.5 60.5 

 

Hatching control 

A 79 1 80 10 57 1 - 87.3 - - 

B 77 3 80 4 69 0 - 94.8 - - 

C 78 2 80 10 64 0 - 87.2 - - 

D 84 0 84 8 64 0 - 90.5 - - 
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B.2 Larval development ratio 

Replicate No. 

Control discharge 

water 

Treated 

discharge 

water  

25% 

Treated 

discharge 

water  

50% 

Treated 

discharge water  

100% 

Laboratory 

control 

Larval development ratio (%) 

1 74.6 63.8 64.1 67.8 72.0 

2 68.8 76.6 57.4 52.4 59.7 

3 82.1 71.7 71.9 58.5 73.2 

4 75.5 65.2 75.4 75.9 64.6 

5 78.6 70.6 69.5 60.3 68.5 

6  60.5 63.8 59.3 60.9 

7 69.0  71.4 59.4  

8 64.9 76.0 65.3   

9 73.8 51.6 62.2 56.9  

10 83.6 79.6 63.9 60.9  

11 81.4     

12 78.5     

  Mean 75.5 68.4 66.5 61.3 66.5 

Standard deviation 6.0 9.0 5.4 6.8 5.7 

P-value - 0.02 0.00 0.00 0.00 

Significantly lower 
larval development 

ratio 
- YES YES YES YES 
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B.3 Hatching success 

Replicate No. 

Control discharge 

water 

Treated 

discharge 

water  

25% 

Treated 

discharge 

water  

50% 

Treated 

discharge 

water  

100% 

Laboratory 

control 

Hatching success (%) 

1 95.9 91.7 90.5 91.5 92.7 

2 98.8 89.3 79.0 92.9 93.8 

3 95.4 89.4 86.5 86.7 93.5 

4 90.2 87.5 85.9 91.5 92.9 

5 90.6 100.0 94.6 96.1 94.3 

6 95.5 91.0 89.4 92.1 93.7 

7 93.4 91.3 92.0 92.1  

8 95.4 92.7 93.8 86.7  

9 93.2 86.1 89.2 87.5  

10 89.9  90.5   

11 90.7     

12      

  Mean 93.5 91.0 89.2 90.8 93.5 

Standard deviation 2.9 4.0 4.5 3.2 0.6 

P-value - 0.06 0.01 0.03 0.48 

Significantly lower 
hatching success 

rate 
- NO YES YES NO 
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B.4 Early Life Stage mortality 

Replicate No. 

Control discharge 

water 

Treated 

discharge 

water  

25% 

Treated 

discharge 

water  

50% 

Treated 

discharge water  

100% 

Laboratory 

control 

ELS Mortality (%) 

1 23.4 17.5 5.9 14.5 35.9 

2 20.0 19.0 15.6 19.2 15.2 

3 21.2 22.0 10.9 18.5 26.3 

4 14.0 20.7 9.5 18.2 5.8 

5 5.1 28.2 16.9 17.1 35.7 

6 31.8 30.7 11.5 15.7 39.5 

7 23.0 21.9 7.2 15.9  

8 34.4 20.5 22.2 12.1  

9 14.1 16.9 23.7 20.7  

10 9.2  10.3   

11 17.7     

12      

  Mean 19.4 21.9 13.4 16.9 26.4 

Standard deviation 8.8 4.6 6.1 2.6 13.4 

P-value - 0.23 0.04 0.21 0.11 

Significantly higher 
mortality rate 

- NO NO NO NO 

B.5 Measurements of pH, oxygen and salinity 

Date 2014.06.13 2014.06.16 2014.06.16 2014.06.18 

Concentration 

(%) 

Day 0 Day 3 before addition Day 3 after addition Day 5 

pH 
O2 

(%) 

Sal. 

(PSU) 
pH 

O2 

(%) 

Sal. 

(PSU) 
pH 

O2 

(%) 

Sal. 

(PSU) 
pH 

O2 

(%) 

Sal. 

(PSU) 

Control discharge 

water 
8.3 96 17.9 8.5 99 18.1 8.3 95 18.0 8.4 100 18.2 

Treated discharge 

water 

25% 

8.2 98 18.0 8.3 97 18.2 8.2 94 18.1 8.4 100 18.2 

Treated discharge 

water 

50% 

8.2 98 18.0 8.3 97 18.2 8.2 94 18.1 8.4 100 18.2 

Treated discharge 

water 

100% 

8.2 98 18.0 8.4 97 18.2 8.3 95 18.1 8.4 100 18.2 

Laboratory control 7.9 100 17.9 8.7 100 18.0 8.3 100 17.9 8.6 100 18.1 
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B.6 Validity criteria 

Date Criteria Target Value Fulfilled 

Validity 

criteria 

Early Life Stage Mortality in the control (ELS) ELS < 30% YES 

Hatching Success in the control (HS) HS > 75% YES 

Larval Development Ratio in the control (LDR) LDR = 60% ± 20% YES 

Dissolved oxygen concentration (DO) DO > 70% throughout test YES 

Temperature (T) T = 20 °C ± 1 °C YES 

Salinity variation from the control start (Si) value Si‰ ± 2‰ YES 
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B.7 Statistics 

B.7.1 Inhibition of the larval development ratio (LDR) of Acartia tonsa with 
Treated discharge (14-1016) 

Statistical parameters calculated from continuous responses based on continuous mean 

Test type: Acartia tonsa early-life stage test  

Control values 

Control discharge (14-1015) Larval Development Ratio Inhibition 

- (%) (%) 

Control 1 74.6 - 

Control 2 68.8 - 

Control 3 82.1 - 

Control 4 75.5 - 

Control 5 78.6 - 

Control 6 69.0 - 

Control 7 64.9 - 

Control 8 73.8 - 

Control 9 83.6 - 

Control 10 81.4 - 

Control 11 78.5 - 

 

Control mean 75.5 - 

Experimental data 

Treated discharge (14-1016) Larval Development Ratio Inhibition 

(%) (%) (%) 

25 63.8 16 

25 76.6 0 

25 71.7 5 

25 65.2 14 

25 70.6 7 

25 60.5 20 

25 76.0 0 

25 51.6 32 

25 79.6 0 

 50 64.1 15 

50 57.4 24 

50 71.9 5 

50 75.4 0 
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50 69.5 8 

50 63.8 16 

50 71.4 5 

50 65.3 14 

50 62.2 18 

50 63.9 15 

 100 67.8 10 

100 52.4 31 

100 58.5 23 

100 75.9 0 

100 60.3 20 

100 59.3 21 

100 59.4 21 

100 56.9 25 

100 60.9 19 

 

Results 

Data did not allow statistical calculation of the 95% confidence limits 

EC10: N/A 

EC25: > 100% 

EC50: > 100%  

t-test:  

Significantly lower larval development ratio was found at 25% treated discharge compared to 

control discharge.  
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B.7.2 Inhibition of the hatching success of Acartia tonsa with Treated 
discharge (14-1016) 

Statistical parameters calculated from continuous responses based on continuous mean 

Test type: Acartia tonsa early-life stage test  

Control values 

Control discharge (14-1015) Hatching success Inhibition 

- (%) (%) 

Control 1 95.9 - 

Control 2 98.8 - 

Control 3 95.4 - 

Control 4 90.2 - 

Control 5 90.6 - 

Control 6 95.5 - 

Control 7 93.4 - 

Control 8 95.4 - 

Control 9 93.2 - 

Control 10 89.9 - 

Control 11 90.7 - 

 Control mean 93.5 - 
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Experimental data 

Treated discharge (14-

1016) 
Hatching success Inhibition 

(%) (%) (%) 

25 91.7 2 

25 89.3 5 

25 89.4 4 

25 87.5 6 

25 100.0 0 

25 91.0 3 

25 91.3 2 

25 92.7 1 

25 86.1 8 

 50 90.5 3 

50 79.0 16 

50 86.5 8 

50 85.9 8 

50 94.6 0 

50 89.4 4 

50 92.0 2 

50 93.8 0 

50 89.2 5 

50 90.5 3 

 100 91.5 2 

100 92.9 1 

100 86.7 7 

100 91.5 2 

100 96.1 0 

100 92.1 2 

100 92.1 2 

100 86.7 7 

100 87.5 6 
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Results 

Data did not allow statistical calculation of the EC values 

EC10: > 100% 

EC25: > 100% 

EC50: > 100% 

t-test:  

Significantly lower hatching success was found at 50% treated discharge compared to control 

discharge.  
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B.7.3 Inhibition of the survival of the early-life stage (ELS) of Acartia tonsa 
with Treated discharge (14-1016) 

Statistical parameters calculated from continuous responses based on continuous mean 

Test type: Acartia tonsa early-life stage test  

Control values 

Control discharge (14-1015) Survival of the ELS Inhibition 

- (%) (%) 

Control 1 76.6 - 

Control 2 80.0 - 

Control 3 78.8 - 

Control 4 86.0 - 

Control 5 94.9 - 

Control 6 68.2 - 

Control 7 77.0 - 

Control 8 65.6 - 

Control 9 85.9 - 

Control 10 90.8 - 

Control 11 82.3 - 

 Control mean 80.6 - 
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Experimental data 

Treated discharge (14-1016) Survival of the ELS Inhibition 

(%) (%) (%) 

25 82.5 0 

25 81.0 0 

25 78.0 3 

25 79.3 2 

25 71.8 11 

25 69.4 14 

25 78.1 3 

25 79.5 1 

25 83.1 0 

 50 94.1 0 

50 84.4 0 

50 89.1 0 

50 90.5 0 

50 83.1 0 

50 88.5 0 

50 92.8 0 

50 77.8 3 

50 76.3 5 

50 89.7 0 

 100 85.5 0 

100 80.8 0 

100 81.5 0 

100 81.8 0 

100 82.9 0 

100 84.3 0 

100 84.1 0 

100 87.9 0 

100 79.3 2 

Results 

Data did not allow statistical calculation of the EC values 

EC10: > 100% 

EC25: > 100% 

EC50: > 100% 

t-test:  

A significantly different survival of the early-life stage was not seen at 100% treated discharge 

compared to control discharge. 
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APPENDIX C 

Primary data on short-term toxicity tests on embryo and sac-fry 
stages with the marine fish Cyprinodon variegatus 
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C Primary data on short-term toxicity tests on embryo and 
sac-fry stages with the marine fish  
Cyprinodon variegatus 

C.1 Primary data on embryo and on larvae observations with Cyprinodon 
variegatus 

DATE 2013.07.25 - Day 0  

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 - - - - - - 0 0 0 0 0 0 

Control discharge 
water 

30 - - - - - - 0 0 0 0 0 0 

Treated discharge  
water 
25% 

30 - - - - - - 0 0 0 0 0 0 

Treated discharge  
water 
50% 

30 - - - - - - 0 0 0 0 0 0 

Treated discharge 
water 
100% 

30 - - - - - - 0 0 0 0 0 0 

 

DATE 2013.07.26 - Day 1 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 - - - - - - 0 0 0 0 0 0 

Control discharge 
water 

30 - - - - - - 0 0 0 0 0 0 

Treated discharge  
water 
25% 

30 - - - - - - 0 0 0 0 0 0 

Treated discharge  
water 
50% 

30 - - - - - - 0 0 0 0 0 0 

Treated discharge 
water 
100% 

30 - - - - - - 0 0 0 0 0 0 
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DATE 2013.07.28 - Day 3 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 0 0 0 0 0 0 0 0 0 0 0 0 

Control discharge 
water 

30 0 0 0 0 0 0 0 0 0 0 0 0 

Treated discharge  
water 
25% 

30 0 0 0 0 0 0 1 0 0 1 0 0 

Treated discharge  
water 
50% 

30 0 0 0 0 0 0 1 1 0 1 1 0 

Treated discharge 
water 
100% 

30 0 0 0 0 0 0 1 0 0 1 0 0 

 

DATE 2013.07.29 - Day 4 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 0 0 0 0 0 0 5 5 2 5 5 2 

Control discharge 
water 

30 0 0 0 0 0 0 6 6 5 6 6 5 

Treated discharge  
water 
25% 

30 0 0 0 0 0 0 6 4 6 6 4 6 

Treated discharge  
water 
50% 

30 0 0 0 0 0 0 4 8 6 4 8 6 

Treated discharge 
water 
100% 

30 0 0 0 0 0 0 8 5 6 8 5 6 

 

DATE 2013.07.30 - Day 5 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 0 0 0 0 0 0 8 10 9 8 10 9 

Control discharge 
water 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
25% 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
50% 

30 0 0 0 0 0 0 8 10 10 8 10 10 

Treated discharge 
water 
100% 

30 0 0 0 0 0 0 10 9 10 10 9 10 
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DATE 2013.07.31 - Day 6  

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 0 0 0 0 0 0 10 10 10 10 10 10 

Control discharge 
water 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
25% 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
50% 

30 0 0 0 0 0 0 8 10 10 8 10 10 

Treated discharge 
water 
100% 

30 0 0 0 0 0 0 10 9 10 10 9 10 

 

DATE 2013.08.01 - Day 7 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 0 0 0 0 0 0 10 10 10 10 10 10 

Control discharge 
 water 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
25% 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
50% 

30 0 0 0 0 0 0 8 10 10 8 10 10 

Treated discharge 
water 
100% 

30 0 0 0 0 0 0 10 10 10 10 10 10 
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DATE 2013.08.02 - Day 8 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory 

control 
30 0 0 0 0 0 0 10 10 10 10 10 10 

Control discharge 

water 
30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
25% 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated 

discharge  

water 

50% 

30 0 0 0 0 0 0 8 10 10 8 10 10 

Treated 

discharge 

water 

100% 

30 0 0 0 0 0 0 10 10 10 10 10 10 
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DATE 2013.08.04 - Day 10 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory 

control 
30 0 0 0 0 0 0 10 10 10 10 10 10 

Control discharge 

water 
30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated discharge  
water 
25% 

30 0 0 0 0 0 0 10 10 10 10 10 10 

Treated 

discharge  

water 

50% 

30 0 0 0 0 0 0 8 10 10 8 10 10 

Treated 

discharge 

water 

100% 

30 0 0 0 0 0 0 10 10 10 10 10 10 

  

DATE 2013.08.05 - Day 11 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 0 0 0 0 0 0 10 10 10 10 10 10 

Control discharge 
 water 

30 0 0 0 0 1 0 10 10 10 10 9 10 

Treated discharge  
water 
25% 

30 0 0 0 0 5 0 10 10 10 10 5 10 

Treated discharge  
water 
50% 

30 0 0 0 0 0 0 8 10 10 8 10 10 

Treated discharge 
water 
100% 

30 0 0 0 0 0 0 10 10 10 10 10 10 
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DATE 2013.08.06 - Day 12 

Concentration  

(%) 

Total 

number 

of eggs 

Malformed larvae Dead larvae 
Total hatched 

larvae 
Total live larvae 

A B C A B C A B C A B C 

Laboratory control 30 0 0 0 0 0 0 10 10 10 10 10 10 

Control discharge 
 water 

30 0 0 0 0 5 0 10 10 10 10 4 10 

Treated discharge  
water 
25% 

30 0 0 0 0 2 0 10 10 10 10 3 10 

Treated discharge  
water 
50% 

30 0 0 0 0 0 0 8 10 10 8 10 10 

Treated discharge 
water 
100% 

30 0 0 0 0 0 0 10 10 10 10 10 10 
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C.2 Measurements of pH. oxygen and salinity 

Summary of measurement of pH. oxygen and salinity (all test vessels) 

Parameter 
Temperature  

(°c) 

Dissolved oxygen  

(%) 

Salinity 

(psu) 

pH 

(unit) 

Minimum 22.9 65 15.2 7.8 

Maximum 25.9 100 20.7 8.2 

Average 24.9 88 19.1 8.0 

STD 0.8 7.7 1.3 0.1 

 

DATE 2013.07.25 - Day 0 

Concentration  

(%) 

Temp.  

(°C) 

Oxygen  

(% saturation) 

Salinity  

(PSU) 
pH 

A B C A B C A B C A B C 

Laboratory control 23.2 23.2 23.2 100 100 100 18.3 18.3 18.3 8.1 8.1 8.1 

Control discharge 
water 

24.6 24.6 24.6 75 75 75 19.9 19.9 19.9 7.9 7.9 7.9 

Treated discharge  

Water 

25% 

24.5 24.5 24.5 90 90 90 18.8 18.8 18.8 8.0 8.0 8.0 

Treated discharge  
water 
50% 

24.3 24.3 24.3 94 94 94 17.5 17.5 17.5 8.0 8.0 8.0 

Treated discharge 
water 
100% 

24.2 24.2 24.2 96 96 96 15.2 15.2 15.2 8.0 8.0 8.0 

 

DATE 2013.07.29 - Day 4 (before renewal) 

Concentration  

(%) 

Temp. 

(°C) 

Oxygen 

(% saturation) 

Salinity 

(PSU) 
pH 

A B C A B C A B C A B C 

Laboratory control 25.9 25.8 25.8 96 97 96 18.5 18.5 18.5 8.0 7.9 8.0 

Control discharge 
water 

25.8 25.8 25.7 97 99 99 20.1 20.1 20.2 8.1 8.1 8.1 

Treated discharge 

Water 

25% 

25.8 25.7 25.8 91 92 92 19.3 19.3 19.0 8.1 8.1 8.1 

Treated discharge  
water 
50% 

25.7 25.7 25.7 98 96 99 17.9 17.9 17.8 8.1 8.1 8.1 

Treated discharge 
water 
100% 

25.7 25.7 25.7 99 100 99 15.4 15.4 15.4 8.1 8.1 8.0 
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DATE 2013.07.29 - Day 4 (after renewal) 

Concentration  

(%) 

Temp. 

(°C) 

Oxygen 

(% saturation) 

Salinity 

(PSU) 
pH 

A B C A B C A B C A B C 

Laboratory control 24.6 24.6 24.6 94 94 94 19.3 19.3 19.3 8.0 8.0 8.0 

Control discharge 
water 

24.8 24.8 24.8 77 77 77 19.9 19.9 19.9 7.9 7.9 7.9 

Treated discharge 

Water 

25% 

25.0 25.0 25.0 89 89 89 19.9 19.9 19.9 8.0 8.0 8.0 

Treated discharge  
water 
50% 

25.1 25.1 25.1 88 88 88 19.9 19.9 19.9 8.0 8.0 8.0 

Treated discharge 
water 
100% 

25.4 25.4 25.4 92 92 92 19.9 19.9 19.9 8.1 8.1 8.1 

 

DATE 2013.07.31 - Day 6 (before renewal) 

Concentration  

(%) 

Temp. 

(°C) 

Oxygen 

(% saturation) 

Salinity 

(PSU) 
pH 

A B C A B C A B C A B C 

Laboratory control 25.4 25.5 25.4 80 81 82 19.5 19.4 19.3 7.9 7.9 7.9 

Control discharge 
water 

25.5 25.4 25.5 81 81 79 20.2 20.2 20.2 8.0 8.1 8.0 

Treated discharge 

Water 

25% 

25.2 25.3 25.3 82 81 82 20.0 20.0 20.0 8.1 8.1 8.1 

Treated discharge  
water 
50% 

25.2 25.4 25.3 83 80 80 19.9 19.9 19.8 8.1 8.1 8.1 

Treated discharge 
water 
100% 

25.4 25.5 25.4 82 80 81 19.8 19.9 19.9 8.1 8.1 8.1 

 

DATE 2013.07.31 - Day 6 (after renewal) 

Concentration  
(%) 

Temp. 
(°C) 

Oxygen 
(% saturation) 

Salinity 
(PSU) 

pH 

A B C A B C A B C A B C 

Laboratory control 24.3 24.3 24.3 82 82 82 19.9 19.9 19.9 7.9 7.9 7.9 

Control discharge 
water 

24.6 24.6 24.6 65 65 65 19.5 19.5 19.5 7.9 7.9 7.9 

Treated discharge 

Water 

25% 

24.7 24.7 24.7 76 76 76 19.0 19.0 19.0 7.9 7.9 7.9 

Treated discharge  
water 
50% 

24.8 24.8 24.8 77 77 77 18.7 18.7 18.7 8.0 8.0 8.0 

Treated discharge 
water 
100% 

25.2 25.2 25.2 78 78 78 17.5 17.5 17.5 8.0 8.0 8.0 
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DATE 2013.08.02 - Day 8 (before renewal) 

Concentration  

(%) 

Temp. 

(°C) 

Oxygen 

(% saturation) 

Salinity 

(PSU) 
pH 

A B C A B C A B C A B C 

Laboratory control 25.8 25.7 25.7 92 92 92 20.0 19.9 19.9 8.0 7.9 7.9 

Control discharge 
water 

25.7 25.7 25.6 98 98 98 20.1 20.0 20.0 8.1 8.1 8.1 

Treated discharge 

Water 

25% 

25.5 25.6 25.7 88 87 91 19.3 19.2 19.2 7.9 7.9 8.0 

Treated discharge  
water 
50% 

25.6 25.7 25.7 92 94 93 19.1 19.0 19.0 8.0 8.0 8.1 

Treated discharge 
water 
100% 

25.8 25.7 25.6 96 97 97 18.1 18.0 17.9 8.1 8.1 8.1 

 

DATE 2013.08.02 - Day 8 (after renewal) 

Concentration  

(%) 

Temp. 

(°C) 

Oxygen 

(% saturation) 

Salinity 

(PSU) 
pH 

A B C A B C A B C A B C 

Laboratory control 24.6 24.6 24.6 95 95 95 20.5 20.5 20.5 8.0 8.0 8.0 

Control discharge 

water 
23.8 23.8 23.8 79 79 79 19.7 19.7 19.7 8.1 8.1 8.1 

Treated discharge 

Water 

25% 

24.4 24.4 24.4 90 90 90 18.8 18.8 18.8 8.1 8.1 8.1 

Treated discharge  

water 

50% 

24.4 24.4 24.4 93 93 93 18.0 18.0 18.0 8.1 8.1 8.1 

Treated discharge 

water 

100% 

24.9 24.9 24.9 95 95 95 15.8 15.8 15.8 8.1 8.1 8.1 
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DATE 2013.08.05 - Day 11 (before renewal) 

Concentration  
(%) 

Temp. 
(°C) 

Oxygen 
(% saturation) 

Salinity ( PSU) pH 

A B C A B C A B C A B C 

Laboratory control 25.9 25.8 25.8 90 85 84 20.5 20.6 20.7 8.0 7.9 7.8 

Control discharge 
water 

25.8 25.8 25.8 93 93 93 20.0 19.8 19.9 8.1 8.1 8.1 

Treated discharge 

Water 

25% 

25.8 25.8 25.8 95 92 93 19.0 19.0 19.0 8.1 8.1 8.1 

Treated discharge  
water 
50% 

25.7 25.7 25.8 92 92 93 18.0 18.1 18.2 8.1 8.1 8.1 

Treated discharge 
water 
100% 

25.8 25.7 25.7 95 95 94 16.2 16.0 16.1 8.2 8.2 8.2 

 

DATE 2013.08.05 - Day 11 (after renewal) 

Concentration  

(%) 

Temp. 

(°C) 

Oxygen 

(% saturation) 

Salinity 

(PSU) 
pH 

A B C A B C A B C A B C 

Laboratory control 23.8 23.8 23.8 92 92 92 20.5 20.5 20.5 8.1 8.1 8.1 

Control discharge 
water 

22.9 22.9 22.9 75 75 75 19.7 19.7 19.7 8.2 8.2 8.2 

Treated discharge 

Water 

25% 

23.2 23.2 23.2 85 85 85 19.5 19.5 19.5 8.2 8.2 8.2 

Treated discharge  
water 
50% 

23.1 23.1 23.1 87 87 87 19.5 19.5 19.5 8.2 8.2 8.2 

Treated discharge 
water 
100% 

23.2 23.2    23.2 87 87 87 19.1 19.1 19.1 8.2 8.2 8.2 

 

DATE 2013.08.06 - Day 12 

Concentration  
(%) 

Temp. 
(°C) 

Oxygen 
(% saturation) 

Salinity 
(PSU) 

pH 

A B C A B C A B C A B C 

Laboratory control 25.6 25.6 25.5 82 85 83 20.4 20.4 20.4 7.9 7.9 7.9 

Control discharge 
water 

25.5 25.5 25.5 87 85 87 19.7 19.6 19.8 8.0 8.0 8.0 

Treated discharge 

Water 

250% 

25.3 25.4 25.5 87 87 87 19.4 19.4 19.4 7.9 7.9 7.9 

Treated discharge  
water 
50% 

25.5 25.5 25.6 88 90 90 19.2 19.3 19.3 8.0 8.0 8.0 

Treated discharge 
water 
100% 

25.6 25.5 25.5 88 90 89 18.9 18.8 18.9 8.1 8.1 8.1 
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C.3 Validity criteria 

Date Criteria Target Value Fulfilled 

Validity criteria 

Survival of hatched larvae in the control (S)  S > 80% YES 

Hatching Success in the control (HS) HS > 75% YES 

Dissolved oxygen concentration (DO) DO > 60 YES 

Water temperature differing (T) 24 °C ± 1.5 °C YES 

C.4 Statistic 

C.4.1 Survival at larval stage  

Replicate 
Laboratory 

control 

Control 

discharge water 

Treated 

discharge water 

25% 

Treated 

discharge 

water 

50% 

Treated 

discharge 

water 

100% 

A 100 100 100 100 100 

B 100 40 30 100 100 

C 100 100 100 100 100 

 n 3 3 3 3 3 

Mean 100 80.0 76.7 100 100 

STD 0 34.6 40.4 0 0 

P-value 0.19 - 0.46 0.19 0.19 

Significantly smaller than 

control discharge 
NO - NO NO NO 
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C.4.2 Survival at embryo stage  

Replicate 
Laboratory 

control 

Control discharge 

water 

Treated 

discharge water 

25% 

Treated 

discharge 

water 

50% 

Treated 

discharge 

water 

100% 

A 100 100 100 80 100 

B 100 100 100 100 100 

C 100 100 100 100 100 

 n 3 3 3 3 3 

Mean 100 100 100 93.3 100 

STD 0 0 0 11.5 0 

P-value 1.00 - 1.00 0.19 1.00 

Significantly smaller than 

control discharge 
NO - NO NO NO 

C.4.3 Overall survival  

Replicate 
Laboratory 

control 

Control discharge 

water 

Treated 

discharge water 

25% 

Treated 

discharge 

water 

50% 

Treated 

discharge 

water 

100% 

A 100 100 100 80 100 

B 100 40 30 100 100 

C 100 100 100 100 100 

 n 3 3 3 3 3 

Mean 100 80.0 76.7 93.3 100 

STD 0 34.6 40.4 11.5 0 

P-value 0.19 - 0.46 0.19 0.19 

Significantly smaller than 

control discharge 
NO - NO NO NO 
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C.4.4 Larval growth test 

Fish No. 

Laboratory 

control 

Control 

discharge water 

Treated 

discharge water 

25% 

Treated 

discharge 

water 

50% 

Treated discharge 

water 

100% 

A B C A B C A B C A B C A B C 

1 3.9 3.8 3.8 3.8 3.7 3.7 3.5 3.6 3.7 3.6 3.8 3.7 3.6 3.7 3.8 

2 3.8 3.9 4.0 3.8 3.7 3.8 3.7 3.7 3.7 3.6 3.8 3.6 3.6 3.7 3.8 

3 3.9 3.8 3.8 3.7 3.6 3.8 3.7 3.6 3.8 3.6 3.8 3.7 3.7 3.7 3.8 

4 3.8 3.8 4.0 3.8 3.6 3.8 3.7 - 3.6 3.5 3.7 3.7 3.8 3.8 3.6 

5 3.9 4.0 3.8 3.8 - 3.7 3.6 - 3.6 3.7 3.7 3.7 3.7 3.8 3.8 

6 4.0 3.8 3.9 3.9 - 4.0 3.8 - 3.7 3.7 3.6 3.7 3.8 3.7 3.9 

7 3.9 3.9 3.8 3.7 - 3.8 3.7 - 3.6 3.7 4.0 3.7 3.6 3.8 3.7 

8 4.0 3.8 3.8 3.8 - 3.8 3.6 - 3.6 3.7 3.8 3.7 3.8 3.7 3.6 

9 3.9 4.0 4.0 3.7 - 3.8 3.6 - 3.8 - 3.7 3.7 3.7 3.8 3.6 

10 3..8 3.6 3.8 3.7 - 3.8 3.6 - 3.6 - 3.7 3.7 3.5 3.6 3.7 

 n 30 24 23 28 30 

Mean 3.9 3.8 3.7 3.7 3.7 

STD 0.1 0.1 0.1 0.1 0.1 

Min 3.6 3.6 3.5 3.5 3.5 

Max 4.0 4.0 3.8 4.0 3.9 

P-value 0.00 - 0.00 0.01 0.03 

Significantly 

smaller than 

control discharge 

(α=0.01) 

NO - YES YES NO 
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APPENDIX D 

Certificate of compliance, ISO 9001 certificate, accreditation and 
GLP authorisation 
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